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Applicability of spectral decomposition by varimax-rotated, 
principal component analysis to the Surface Biology and 
Geology (SBG) VNIR mission concept
Cyanobacterial and Harmful Algal Blooms (CyanoHABs) are a growing concern in coastal and inland
waters. But, spectral interference from multiple constituents in optically complex waters can hamper
application of remote sensing using traditional image processing methods. The Kent State University
(KSU) spectral decomposition method can be applied to multispectral and hyperspectral remote
sensing images (e.g. HICO and the NASA Glenn HSI2) to partition and identify signals related to
cyanobacteria, algae, pigment degradation products and suspended sediment in each pixel.
Fundamental to the use of remote sensing data is the ability to extract independent signals from
correlated hyperspectral VNIR data cubes. The Kent State University varimax-rotated, principal
component analysis method (VPCA) is important to integrate into the SBG VNIR mission concept
because it provides greater specificity, a software-based SNR boost relative to hardware performance,
and can assist with Cal/Val, Modeling and Applications. We present examples of the hyperspectral
application of the KSU VPCA method with relevance to SBG. The information extracted by VPCA can be
validated spectrally or spatially with laboratory and/or in situ sensors, which capture spatial or time
series of information at discrete points within remote sensing images. Comparisons show
hyperspectral sensors extract more components than multispectral ones, but more independent
information can be extracted from multispectral sensors by VPCA than traditional band ratio
approaches. The spectral decomposition method is capable of enhancing the signal to noise ratio (SNR)
of the NASA Glenn, second-generation hyperspectral imager by a factor of 7x to 20x, with a spectral
reproducibility of ±3%. The spectral decomposition method, when compared against existing remote
sensing monitoring methods exhibits both greater specificity and a lower detection limit. The method
has been validated with multispectral images in Lake Erie to quantify the Microcystis CyanoHAB and
from the Indian River Lagoon, Florida to quantify the Brown Tide resulting from A. lagunesnsis. Field
operations in the Western Basin of Lake Erie were conducted using a bbe Fluoroprobe to collect
vertical profiles and horizontal tows along a transect from the Toledo to the Detroit Lighthouse during
coincident satellite overpasses. Extraction of pixel values from the MODIS Aqua sensor yields
agreement between in situ field and lab-based measures of cyanobacterial, cryptophyte, diatoms and
green algae, suspended sediment and pigment degradation products with R2>0.8.
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Western Basin, Lake Erie Comparison of Hyperspectral NASA HSI2 and Landsat
8 OLI: Hyperspectral HSI2 VPCA L3 results can be used to simulate Landsat 8
OLI VPCA L3 results to explore the relative importance of spectral and spatial
resolution. Simulated L8 OLI VPCA results are compared with actual L8 OLI
VPCA results collected 2-day prior to HSI2 swath 15.
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Western Basin, Lake Erie: Application of the KSU VPCA spectral decomposition method to HICO Image 090311. The extracted components account
for 95.7% signal variance and 1.8% spectral noise from specular reflectance and/or residual atmospheric contamination. VPCA 1-3 represent
mixtures and cyanobacteria, diatoms and suspended sediment. VPCA4 relates to kaolinite, hematite and diatoms, VPCA5 relates to kaolinite,
hematite, pyrolusite (Mn-oxide)and a-PEC a cyanobacterial accessory pigment, VPCA6 is residual atm noise, perhaps as specular reflectance from
suspended sediment, VPCA 7 correlates to a cyanobacterial accessory pigment, echinenone, and an iron-rich carbonate (ferroan dolomite), and
VPCA 8 correlates to a mixture of sediment, Chl-c, phycocyanin and neoxanthin.
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NASA HSI2 (Hyperspectral Imager 2)
North of Maumee Bay State Park 
June 21, 2016, Swath 9, 11, 13 &15
After: Ortiz et al. JGLR, 2019
KSU VPCA Spectral Decomposition: the image spectral cube is decomposed using varimax-rotated, 
principal component analysis. PCA provides an eigenvalue-eigenvector decomposition to pull our 
inherent properties; the varimax-rotation improves separation to yield more easily interpreted 
components. Components are orthogonal mixtures of constituents identified by stepwise forward 
multiple linear regression against a spectral library.
Hyperspectral Application of Derivative Spectroscopy: Replicate swaths collected within 30 minutes
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Dealing with multicolinearity: All Bands in the visible are highly correlated 
Electron-transfer and crystal lattice effects results in highly correlated
electromagnetic signals in the visible arising from absorption processes.
Because of these physical effects, all bands in the visible are highly correlated
regardless of band width and to a lesser degree, position. This natural
phenomenon gives rise to multicollinearity or intercorrelation of variables. Any
algorithm that uses more than one spectral band in the visible is subject to
violation of the fundament statistical requirement of independent input
variables, unless the spectral signals are unmixed first, as can be done by
principal component analysis or other multivariate pre-processing steps.
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Figure 5 from Ortiz et al. 2019
NASA Glenn HSI2 062116 Swath 15  VPCA 1 at full resolution (3m) and as simulated products
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